Abstract: Amphipod crustaceans constituted 30% of the food biomass from the stomachs of Antarctic tern (Sterna vittata) captured at King George Island in three consecutive seasons. Five species of lysianassoid amphipods occurred in the material: Abyssorchomene plebs, Cheirimedon femoratus, Hippomedon kergueleni, Wuldeckia obesa and Orchomenella rotundifrons. All these amphipods are known as necrophages inhabiting the upper and middle sublittoral of western Antarctic. They are commonly caught in masses in baited traps, but never occur in the littoral zone or in tidal pools. It is suggested that the source of the amphipod diet ofS. vittata are seal or penguin carcasses and dead fish brought by waves to the tidal zone, serving as a bait for necrophagous amphipod crustaceans when submerged in water before stranding on the beach.
Introduction
One of the most important tasks of biologists studying the Southern Ocean ecosystem is to evaluate the matter and energy fluxes between particular trophic levels of the food chain. A significant part of the uppermost level of this chain are birds, both penguins and flighted birds. The Antarctic tern, Sterna vittata Gmelin, inhabits the subantarctic and maritime West Antarctic regions and breeds in coastal areas. It is a comparatively small and moderately abundant species, but less common than pygoscelid penguins and Wilson's storm petrel, Ocearzites oceanicus (Kuhl) (Jablonski 1986 , Peter et al. 1988 in the West Antarctic and than many penguins, albatrosses, petrels and prions (e.g. Croxall & Prince 1987) in the Subantarctic. Thus, the quantitative impact of Antarctic terns upon the ecosystem is less in comparison to the other numerous species but it does occupy an ecological niche of interest.
There are not many data on the feeding ecology of the Antarctic tern. Its feeding behaviour has been discussed by Croxall & Princc ( I 980) , Sagar & Sagar (1 989) and Sagar (1991) who describe its behaviour as dipping and plunging, especially in near-shore and off-shore regions, as well as in storm and tidal pools.
Information about the dietary constituents of Antarctic tern has been reported by Ealey (1954) , Downes et al. (1959) , Croxall & Prince (1987) , Sagar (1991) , Ainley et al. (1992) and Jablonski (1995) . Principal food items found werc fish and crustaceans in various proportions. Among crustaceans euphausiids or amphipods usually predominated.
Amphipoda commonly occur in benthic and pelagic Southern Ocean communities and the Gammaridea constitute a major component of the bottom fauna, especially in the shallow sublittoral zone (Jazdzewski et ul. 1991) . The Amphipoda Hyperiidea is also an important element of mesozooplankton (Everson 1984 , Voronina 1984 , Knox 1994 . Both pelagic and benthic amphipod crustaceans are an important componenl of the diet of fishes of the Southern Ocean (e.g. Schwarzbach 1988 , Kock 1992 ; mainly pelagic Amphipodaarecommonly found in the diet of a number of Antarctic and subantarctic birds (e.g. Ealey 1954 , Payne & Prince 1979 , Prince 1980 , Jazdzewski 1981 , Ainley et al. 1984 , Jablonski 1985 . Puddicombe & Johnstone 1988 , Ridoux & Offredo 1989 By courtesy of Dr Boleslaw Jablonski we received the samples of Amphipoda taken from stomachs of Antarctic terns collccted at King George Island. This paper describes some uncxpected feeding habits of Antarctic terns, which suggest a previously unreported linkage in the Antarctic food web.
Study area, material and methods
The materials were collected by Dr B. Jablonski during lhrec consecutive Antarctic summers ( I 978/79, 1979/80, I980/8 1 ) spent at the Polish Arctowski Station situated on the westcrn shore of Admiralty Bay, the largest fjord-like embayment of King George Island, South Shetland Islands. Detailctl information on the hydrology and biology of Admiralty Bay and bordering land biotopes can be found in RakusaSuszczewski (1993) . Details on the distribution and biology ofAntarctic terns in this region are givcn by Jablonski (1 99s). All individuals came from the vicinity of Arctowski Station (Fig. 1) . Stomach contents were collected by catching adult birds in frame traps baited with krill (E. superba Dana) and inducingregurgitation with anemetic (1 % ammonium tartrate) injected intothe gulletsofcapturcd birds (Jablonski 1995) . I n total 34 adult individuals ofAntarctic tern were sampled: 5 i n thesummer season 1978/79 (December-January), 14 in 19791' 80 (December-January) and 15 in 1980/81 (NovemberFebruary).
According to Jablonski ( 1 995) amphipods were present in all stomachs sampled. On average this food item constituted about one thirdof the total foodmass in particular birds, which varied between 12 and 38 g. After identification the Amphipoda were sexed and measured from head front to the tip of telson; in the case of Waldeckiu obesa (Chevreux) the measuring method of Chapelle (1995) was used. When constructing size-frequency diagrams for amphipods several stomach samples nearest in time were combined. Having at our disposal materials of Presler (1986) we were able to make 
Results
Five species of Amphipoda were identified in a total of 1646 individuals (Table I ). All these species belong to the superfamily Lysiannasoidea. In Fig. 2 the average proportions of particular amphipod 
Discussion
All five species of Amphipoda found belong to the most common necrophagous benthic animals in the Antarctic sublittoral (Arnaud 1974 , Presler 1986 , Jazdzewski 1993 . Cheirimedon femoratus and Hippomedon kergueleni are circumantarctic and subantarctic species (De Broyer & Jaidzewski 1993) . Their preferences for shallow sublittoral habitats have been noted (e.g. Bregazzi 1972 Bregazzi , 1973 ), but they can also occur as deep as several hundred metres (Lowry & Bullock 1976) . Both species are abundant in shallow sandy sublittoral along the western shores of Admiralty Bay (Jaidzewski etal. 1992) . These two species were numerically dominant at the depths 5-30 m in baited traps used by Presler (1986) and Zieliriski (unpublished data) in Admiralty Bay.
Abyssorchomene plebs and Waldeckia obesa are circumantarctic species. Their northernmost known localities are the South Orkney Islands and South Shetland Islands, respectively (Lowry &Bullock 1976 , DeBroyer & Jaidzewski 1993 . The bathymetric range of both species is wide, from littoral to depths of several hundred metres. However, shallow water records are rare, and in gencral the preferences of these species are for the deeper sublittoral (Lowry &Bullock 1976) . In the baited traps of Presler ( 1 986) andzielinski (unpublishcd data) both species were numerically dominant at 60-90 ni.
As other lysianassoid scavengers A. plebs and W. ohesu arc probably active and swift swimmers, usually dispersed but may be gregarious in the sublittoral, searching for foodmainly at night (Walker 1907 , Slattery & Oliver 1986 , Kaufmanri 1994 . Chemosensory abilitics (cf. Sainte-Marie 1986 , Kaufmann 1994 , Moore 1994 ) would allow them to ~O V C quickly to the bait (carcass, fish) even from comparatively remote places. Whilst large numbers were found in baitcd traps in the same area Jazdzewski et al. (1991, 1992) ( 1982) . Croxall & Prince (1987) observed an important share of Amphipoda by weight in the diet of Antarctic tern at South Georgia; this proportion was as high as 20%, yielding only to fish and surpassing that of krill (E. superba). Among Amphipods only a hyperiid, Themisto gaudichaudii Guerin, was mentioned by the authors, who have said that this species is a "...trace in the diet of almost every seabird, but a variety of other species are taken...". Peter et al. (1988) at King George Island in the region of Maxwell Bay also found unidentified amphipods as a food of Antarctic terns. This kind of food was taken by plunging in the sea and by dipping in tidal pools. At Snares Islands, Sagar & Sagar (1989) described the feeding of Antarctic tern upon dense offshore crustacean swarms, presumably of krill or hyperiid amphipods. At Kerguelen Islands Sagar (1991) observed that two co-occurring species of Sterna -S. virgata Cabanis and S. vittata -differ in food and feeding habits, the former being connected in its feeding with more inland localities, taking also freshwater fish and land insects and spiders, whereas Antarctic tern "...was seen to feed ... over the sea ... on crustaceans". Finally Jablonski (1 995) briefly mentioned the present material of Amphipoda as a major component of food for adults. In his samples taken in three consecutive seasons the average proportion by mass of principal food components were: 50% krill, 20% fish and 30% amphipods (Jablonski 1995; table XXVII, p. 449) .
Pelagic hyperiid amphipods were also absent from the Antarctic tern stomachs studied despite that Hypcriidea are most commonly found as a food item for many smaller Antarctic seabirds such as prions, fulmars, petrels and terns (e.g. Payne & Prince 1979 , Prince 1980 , Croxall & Prince 1987 , and dominated the amphipod item of the diet of pygoscelid penguins of the colonies at Admiralty Bay (Jaidzewski 1981).
We have to discuss some comments by Jablonski (1995) . On one hand (pp. 447-448) he notes the presence of an elephant seal (Mirounga leonina (L.)) carcass lying not far from shore as a possible reason of luring necrophagous amphipods that were then found in the stomachs of Antarctic tern during the 1980/81 season. However, he then relates the lower or higher proportion of Amphipoda in the diet of Antarctic terns to the formation of storm pools along the shoreline of Admiralty Bay, referring this way to the inhabitants of such water bodies that are, in general, mostly eusiroid amphipods inhabiting stony littoral and sublittoral phytal zone, which often are brought with kelp to such pools. It is to be stressed here that none of the more than 1600 amphipods collected from 34 Antarctic terns during three different seasons belonged to species that typically dwell in tidal and storm pools, (i.e. mainly the genera Paramoera, Prostebbingia, Gondogeneia, Bovallia or Eurymera). On the contrary, all were typical necrophagous lysianassoid Amphipoda that are common in Admiralty Bay sublittoral, but not in tidal pools.
Lysianassoid necrophages burrow into the tissues of dead animals, and do not stop feeding even when taken out of water (K.J. personal observation). This is the reason why they are not washed out into the storm pools. The lysianassoids found in Antarctic tern stomachs have not been found in storm pools near Arctowski Station and if they were there, they would be a1 least mixed with eusiroids. We hypothesize that strong gales, especially from the south-east, could reasonably increase the possibility of bringing dead animals, containing necrophages to the littoral zone of western shores of Admiralty Bay, thus increasing the opportunities for Antarctic terns to pick out the lysianassoids from the carcasses. This way weather conditions may influence the composition of food available to Antarctic terns.
Seashores at any latitude are marked by remnants of dead animals. Thousands of pygoscelid penguins and hundreds of seals spend every summer on the shores of Admiralty Bay (Jabionski 1986 , Sierakowski 1991 , Lesiriski 1993 ) being a rich source of food for predators -leopard seal (Hydrurga leptonyyx (Blainville) ) and killer whale (Orcinus orca (L.)). It is possible that parts of their victims could sink down in the shallow sublittoral. Indeed, any carcasses, ifnot sunk toodeep or too far from the shore, would be moved by the wave action to the tidal zone and become available to flying birds. It is a well known fact that any carrion immersed in the sea in Antarctica is very quickly attacked by numerous necrophages (Arnaud 1974 , Presler 1986 , especially lysianassoid Amphipoda.
Five inspections of the 4 km long beach in the vicinity of Arctowski Station in January 1998 identified the following animal remnants lying at the water line: one Antarctic fur seal (Arctocephalus gazella (Peters)), two seal skulls, one skua, several young penguins and four fish skeletons (W. Kittel, personal communication April 1998).
We suggest that the comparison of length-frequency diagrams for amphipods in stomachs (C. femaratus and A. plebs, 83% of the material) and those found in baited traps from the same period (Fig. 3) is a good additional argument for the origin of this tern food item. Statistical analysis of differences between population structures of two amphipod species from bird stomachs and from baited traps, carried out using the test of proportion (Creti 1978) , confirmed the closc similarity of the population structures in A. plebs (differences in proportions of particular length classes statistically insignificant) but indicated also that the differences in C. fernoratus are statistically significant.
Stomach material of H. kergueleni and especially of' 0. rotundgrons was not abundant enough to draw any conclusions other thean the observed over-dominance ol' males; we have to note, however, that in H. kergueleni from baited traps the sex ratio was balanced.
It is possible that terns prey upon amphipods swarming at the surface; such swarming of C. femoratus in shallow water was observed at Deception Island; amphipods there were picked out by nunierous cape petrels (Daption caperi.scj (L.)) (De Broyer, personal communication November 1997 I . However, this would not explain the very specific and rather stable composition and proportions of five different lysianassoid species in "stomach tanatocoenoses" throughout three different Antarctic summer seasons reported here.
Our results indicate previously unreported feeding habi ta of Antarctic terns in the area of Admiralty Bay. In somc wuy these habits resemble the intercsting observations by Arnauci (1974) on giant petrels (Macronectes spp.) at Ad6lie Land and at fles Kerguelen. These birds consume fish and squid in summer, whereas in winter they kill chicks of emperor penguin (Aptenodytes forsteri Gray) or king penguin (A. putugotiiiw (J.F. Miller)), feeding only on their stomach contentsconiposed of crustaceans (mainly krill), not touching the chick mcat. Arnaud (1974) observed at iles Kerguelen that giant petrels caught the fish Zanclorhynchus spinifer (Giinther) lor the same purpose -to disembowel them and to eat fish prey, namely numerous Amphipoda -gammaridean Purumocru fissicauda (Dana) and Zarurnilla kergueleni Stebbing as wcli as hyperiids. The question of how commonly Antarctic terns feed on necrophagous lysianassoids in other parts of its range remains open. However, we fully agree with thesuggestion of Ainley et al. (1992) that the prey preferences of Antarctic birds, including the Antarctic tern, are not narrow and they are in fact opportunistic foragers. The availability of prey sccins to be the most important factor determining the composition of their diet.
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